
By P.G. Johnson, J.W. ?¶iser,.and RJ. Smith 
- - 1 NASB.LeVis Research Center 8 - c 7 7  

A t  present,  assumptions and ca l cu la t ions  of space-mission requirements and 

vehicle-component weights seem t o  be more r e l i a b l e  than  those  regarding nuclear- 

rocket-powerplant cha rac t e r i s t i c s .  

pouerplant weight i n  terns of powerplant performance and pe r t inen t  mission and 

veh ic l e  parameters has been conducted. 

Consequently, a s tudy *ich presents  allowable 
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W The r e s u l t s  are intended t o  be useful  i n  

the comparison of t h e  many r eac to r  and propulsion-system concepts which should 

be inves t iga ted  during early phases of nuclear-rocket development. 

Two bas ica l ly-d i f f  e r en t  nuclear  rocket  appl ica t ions  are of immediate i n t e r e s t :  

(I) orbi ta l - launch vehicles,  and (2) upper booster  s tages  . Since g r e a t  f l e x i b i l i t y  

i s  permitted i n  design and operating conditions when t h e  mission i s  begun from a 

satel l i te  orb i t ,  t h e  s tudy  parameters have been v a r i e d  over l a rge  ranges.  Thrust, 

s p e c i f i c  impulse, i n i t i a l  nuclear-vehicle weight and miss ion -ve loc i ty  requirement 

a r e  t h e  parameters upon which payload and allowable powerplant weight a r e  shown t o  

deped. 

powerplant weight, o r  v i c e  versa.  

Estimation of desired payload permits rap id  determination of allowable 
I 
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Wen a nuclear  rocket powerplant i s  used i n  an upper s t a g e  of a booster f 

system, the permissible  v a r i a t i o n  i n  t h r u s t  l e v e l  is g r e a t l y  reduced. In  fact, 

an  optimum thrust  l e v e l  can be computed as w e l l  as a laser l i m i t .  The increase  i n  

payload put i n t o  o r b i t  r e s u l t i n g  f r o m  t h e  s u b s t i t u t i o n  of a nuc lear  stage f o r  the ' 

o r i g i n a l  chemical s tage  i n  a given booster configurat ion is s t rong ly  a f f ec t ed  by 

the d iv i s ion  of s tages .  I n  consideration of t h i s  dependence and i n  an attempt 

t o  provide results of near-future usefulness, s p e c i f i c  boosters have been u t i l i zed .  



Atlas, Saturn I and Nova have been-selected f o r  use with t h e  nuclear s tages ,  and 

the  f l i g h t  conditions a t  commencement of nuclear  rocket  propulsion correspond to 

the s tag ing  of t h e  chemical systems modified by an optimization of f i r s t - s t a g e  

"kick angle.,! The i n i t i a l  weights i n  o r b i t  f o r  t h e  orbital-launch ca lcu la t ions  

a l s o  correspond t o  the  above-listed chemical boosters  p lus  Saturn I1 af ter  

deduction of an t ic ipa ted  t r a n s i t i o n  s t r u c t u r e  t o  support t h e  nuclear  vehicle  

8 
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i4 The mission f o r  the  booster appl ica t ions  is  t o  place a payload i n  a 300- 

s ta tute-mile  c i r c u l a r  s a t e l l i t e  orbi t ,  whereas ranges of missions are i l l u s t r a t e d  

f o r  t he  orbital-launch appl icat ions.  The d i f f i c u l t y  of the  l a t t e r  missions is  

graduated i n  such a way t h a t  t h e  capab i l i t y  range corresponding t o  each i n i t i a l  

weight i s  covered. 

booster system t o  the  next, thereby reveal ing the  growth i n  performance capab i l i t y  

The missions se l ec t ed  a l s o  provide a cont inui ty  from one 

t o  be expected with time. Obviously, t h e  number of missions which may be con- 

ceived is endless. The missions se lec ted  are meant t o  be s u f f i c i e n t l y  representa- 

t i v e  t o  serve as means of preliminary comparison, b u t  i n  no way ind ica t e  the  
t 

extent  of nuclear rocket  appl icat ion now envisioned 

ORBITAL-LAUNCH APPLICATIONS 

Methods and Assumptions 

Values of powerplant-plus-payload weight have been estimated for a l l  com- 

binations resu l t ing  from t h e  following ranges o r  values of parameters: (1) t h r u s t  

l eve l s  which give thrust- to- ini t ia l -weight  r a t i o s  between 0.01 and 1.0; ( 2 )  

s p e c i f i c  impulses of 450, 600, 800, and 1000 lb/(lb/sec);  ( 3 )  i n i t i a l  nuclear- 

vehic le  weights of 7600 lb.  (Atlas-Centaur), 31,300 lb. (Saturn I)9 77,000 l b ,  

(Saturn 11), and 226,100 lb .  (Nova); and (4) mission ve loc i ty  requirements as 

shown i n  the following tab les :  
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Mission 

A .  Bcape  from Earth 
B. 7S-day Venus probe 
C. 100-day Mars probe 
D. 413-day Jupiter probe 
E. 125 days t o  Mars o r b i t  

F. lO0 days t o  Mars o r b i t  

Hyper b o l i  c Velocity Velocity Increment 
mi/sec mi/s ec  

0 000 
2 -80 
4.91 
7.42 

4.90 3 ~ 8 3  (Earth) 
5.00 %6? (Mars) 

(Total)  
6.09 b 9 T  (Earth) 
6.65 (Mars) 

(Tota l )  

I n i t i a l  Weight Missions 
Ib. 

A l l  f l i g h t s  start from a 300-statute-mile c ikcular  o r b i t  about B r t h ,  and those 

flights going i n t o  o r b i t  about Mars (missions E and F) e n t e r  a 1000-statute-mile 

c i r c u l a r  o r b i t  a t  des t ina t ion .  &L1 probe missions have propulsion a t  Earth only. 

The hyperbolic v e l o c i t i e s  f o r  Mars and Venus missions correspond t o  optimum non- 

e c l i p t i c  t r a j e c t o r i e s ,  whereas t h e  Jup i t e r  values a r e  based on a path which leaves 

tangent t o  Ear th ' s  o rb i t  and assums c i r c u l a r ,  co-planar p lane tary  o rb i t s .  

Estimation of powerplant-plus-payload weight requires  knowledge of two 

q u a n t i t i e s $  mass r a t i o  and tank-plus-structure weight. Mass ratios, or  gross-to- 

empty-weight ratios (\3dwE;), f o r  the  propulsion periods involved i n  the spec i f i ed  

missions a r e  read from char t s  such as those  presented i n  f i g u r e  1. 

char t s  ewer ranges of thrust- to- ini t ia l -weight  r a t i o  (F/W$ from 0 -001 t o  1.0, 

hyperbolic v e l o c i t y  (vhj  from 0 o r  1 t o  1 2  d l e s / s e c ,  and s p e c i f i c  impulse (I) 

from 450 t o  1000 lb/( lb/sec)  f o r  both leaving Earth and en ter ing  Mars o rb i t s .  

cha r t s  are t h e  result of IEM-704 calculat ions using a Runge-Kutta numerical-in- 

t eg ra t ion  technique. 

The mass-ratio 

The 

The t h r u s t  vector  i s  assumed t o  be p a r a l l e l  t o  t he  ve loc i ty  
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vector  . 
Tank and s t ruc tu re  weights are s o  aependent upon nuclear-vehicle and booster  

configuration t h a t  genera l iza t ion  is not  poss ib le  with much assurance of accuracy. 

Of  primary importance when using booster vehic les  of predetermined dimensions i s  

t h e  problem of compatibi l i ty  between the nuclear  v e h i c l e  and the  booster  top 

stage.  

the t r ans i t i on - s t ruc tu re  weight becomes excessive, whereas i f  the  d i a m t e r  i s  

reduced the  tank encounters increased bending stresses because of  i t s  length,  

T h e  compromise chosen f o r  t h i s  study, based on a current  NASA design study of a 

Saturn-boostlid,nltclear vehicle ,  i s  t h a t  the  diameter of t h e  hydrogen tank be 

1.175 times the diameter of t h e  top booster s tage.  

If the hydrogen tank has a diameter much l a r g e r  than the  booster stage 

The tanks a r e  assumed t o  consis t  of cyl inders  with hemispherical  ends, made 

of aluminum of 175 lb/cu f t  densi ty  and 59,500 p s i  des ign  stress, and having uni- 

form w a l l  thickness throughout. The thickness  i s  determined by t h e  pressure required 

t o  keep the  tank i n  tens ion  during a 6g boost accelerat ion,  a value of 23 p s i  

having been used f o r  a l l  sizes although t h i s  may be conservative f o r  the Atlas- 

Centaur- and Saturn-I-boosted vehicles.  The r e su l t i ng  tank weights are shown i n  

f i g u r e  2 as functions of propel lan t  weight f o r  nuclear-vehicle diameters corres- 

ponding t o  Atlas-Centaur (11.8 f t ) ,  Saturn (1s07 f t ) ,  and Nova (23.5 f t ) .  

s t age  diameter of 160 inches was assumed f o r  Saturn on t h e  bas i s  of r epor t s  t h a t  

bending-moment problems would make 10-foot s tages  unsa t i s fac tory  when boosting a 

geometrically-large payload such as a nuclear vehic le .  In su la t ion  and ablat ion-  

ma te r i a l  weights were not included e x p l i c i t l y  i n  t h e  tank weights  because of t h e  

present  uncertainty regarding the  choice of materials and the r e su l t i ng  weight 

penalty.  

weight. 

A top- 

Should t h i s  weight be appreciable,  i t  must be included i n  the  powerplant 
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Another tank problem, t h a t  of meteoroid damage, a f f e c t s  those appl ica t ions  

which r equ i r e  propulsion after a prolonged coas t  period. Data on meteoroid 

d i s t r i b u t i o n  and composition are inadequate t o  permit r e l i a b l e  es t imat ion of tank 

thicknesses requi red  t o  provide desired p r o b a b i l i t i e s  of success . Consequently, 

t h e  tank weights of f i g u r e  2 have been used with the understanding lhat they 

may be as much as 30 percent  lowe It should be noted t h a t  t h e  choice of aluminum 

for t h e  tank material was made, i n  par t ,  because of t he  meteoroid protect ion 

afforded by the  r e l a t i v e l y  large w a l l  th icknesses  which r e s u l t .  

S t ruc tu re  weights a r e  a l s o  considered t o  be functions of tank d i a m t e r .  The 

powerplant and payload of t h e  nuclear vehic le  are assumed t o  be supported by 

minimum-weight s t ruc tu res ,  t h e  weights of which are proport ional  t o  t h e  square 

of the  tank  diameter because the  diameter cont ro ls  both circumference and l ength  

of t h e  s t ruc tu re .  Accordingly, t h e  following s t r u c t u r e  weights have been used f o r  

one-tank configurationst  

Tank Blameter S t ruc tu re  Weight 
ft 0 l b  e 

11.8 
15.7 
23 -5 

The va lue  of l000 l b  has been obtained f rom t h e  NASA design study. For two- 

tank configurations,  such as  those which go i n t o  o r b i t  a t  Mars, t h e  s t r u c t u r e  

weight is assumed t o  inc rease  by 50 percent. 

The t r a n s i t i o n  s t ruc tu re  between booster  and nuclear vehic le  i s  assumed t o  

be j e t t i s o n e d  wi th  t h e  empty booster s t age ,  but i ts  weight m u s t  be subt rac ted  from 

the  booster  payload usually quoted. The i n i t i a l  weights f o r  the  nuclear  veh ic l e s  

a r e  based on a 5 percent  reduction of boos te r  payload t o  account f o r  t h e  t r a n s i t i o n  



s t ruc tu re ,  t h e  s p e c i f i c  percentage having been obtained from t h e  NASA design 

study, 

Allowable-Powerplant-Weight Charts 

Charts of powerplant-plus-payload weight as a func t ion  of nuclear-propulsion- 

system t h r u s t  and s p e c i f i c  impulse are presented i n  f i g u r e  3. 

the  combination of an i n i t i a l  weight and a mission, 

arranged i n  the  same order as shown i n  t h e  preceding t a b l e  of missions. 

Each chart r ep resen t s  

The combinations are 

An example can be u t i l i z e d  t o  ind ica t e  t h e  magnitudes of powerplant weight 

which are l i k e l y  t o  be required. 

plus-payload weights f o r  Atlas-Centaur-boosted nuclear veh ic l e s  e 

of 1000 pounds is deemed useful  f o r  t h e  missions concerned, and a powerplant 

developing 1000 pounds t h r u s t  a t  a s p e c i f i c  impulse of 880 lb/( lb/sec)  i s  t o  be 

evaluated, t h e  allowable powerplant weight v a r i e s  from 43 t o  20 percent  of i n i t i a l  

gross weight over t h e  velocity-increment range from 1.96 t o  3.6 miles/second. 

more t a n g i b l e  terms, t h e  powerplant weight must be between 1500 and 3250 pounds. 

Not much improvement could be expected by increasing the  th rus t ;  t h e  allowable- 

powerplant-weight range has an upper l i m i t  of 2000 t o  3 9 0  pounds f o r  t h e  mission 

spread assumed e 

containing metallic o r  ceramic f u e l  elements. 

Figures 3(a), (b ) ,  and ( c )  present  powerplant- 

If a payload 

I n  

Such powerplant weights appear f e a s i b l e  wi th  low-power r eac to r s  

Figure 3 may also be used t o  ob ta in  genera l  information regarding t h e  

e f f e c t s  of changes i n  s p e c i f i c  impulse on e i t h e r  allowable powerplant weight o r  

required t h r u s t ,  For  example, a useful  r e l a t i o n s h i p  t o  have i n  mind would be t h e  

approximate change i n  powerplant ( o r  ;ayload) weight f o r  a spec i f i ed  percentage 

change i n  s p e c i f i c  impulse, assuming constant thrust- to- ini t ia l -weight  r a t i o ,  

For t h e  combinations of i n i t i a l  weights and missions covered i n  f i g u r e  3 a rough 
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genera l iza t ion  can be noted: 

percent change i n  I will produce a change i n  allowable powerplant weight equal 

t o  about one-third of a percent of i n i t i a l  weight i n  orbi t ,  or 

In  the  neighborhood of I = 800 lb/(lb/sec) each 

A%@G I= 0.33 - + 0.05 
A I/I 

The deviat ion of 15 percent covers almost a l l  cases, the exceptions being pr inc i -  

p a l l y  extremes such as very low thrust- to- ini t ia l -weight  r a t i o s  or mission 

for which (AW,/W,)/( A I / I )  = 0.26. 

s p e c i f i c  impulse . 

F, 

The r e l a t i o n  i s  not s ens i t i ve  t o  median 

Since  r e a c t o r  pot& i s  a parameter f requent ly  discussed i n  connection with 

nuclear-powerplant performance, f igures  4 and 5 have been included t o  relate power, 

t h rus t  and s p e c i f i c  impulse f o r  t yp ica l  combinations of reactor-exi t  temperature 

and pressure.  

f o r  values  of temperature between 2500 and !%OO%. 

s p e c i f i c  impulse are  given i n  f i g u r e  5.  

sec) ,  could correspond t o  T=4500°F and P=lOO ps i ,  i n  which case the r e a c t o r  power 

would be about 22 mw with F=lOOO lb.  

when F=7600 lb.  i n  f i g u r e  3, corresponds t o  a r e a c t o r  power of 168 m. 

assumptions upon which the values are based are l i s t e d  on f igures  4 and 5. 

I n  f i g u r e  4 t h e  r a t i o  of power t o  t h r u s t  is  p l o t t e d  versus pressure 

The corresponding values of 

The previous example, with I = 880 lb/(lb/  

M a x i m u m  allowable powerplant weight, obtained 

The 

The eff;ect of a change in spec i f ic  impulse on required reac tor  power, whi le  

not reducing t o  a handy rule-of-thumb, can be q u a l i t a t i v e l y  v isua l ized  with the 

use of the  charts.  For example, i f  powerplant and payload weights are assumed t o  

rennin constant, an increase i n  spec i f ic  impulse is equivalent t o  a t r a n s l a t i o n  

t o  the l e f t  a t  a constant weight on the char t s  of f igure  3. 

accordingly. 

Required t h r u s t  diminishes 

Figures 4 and 5 ind ica te  t h a t  power w i l l  be roughly proport ional  t o  
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t h r p t .  

d i t i o n  i s  a t  a r e l a t i v e l y  high thrust-to-weight r a t i o ,  t h e  f i r s t  percent increase 

The shapes of t h e  curves i n  f i g u r e  3 are such tha t ,  if t h e  i n i t i a l  con- 

i n  s p e c i f i c  impulse r e s u l t s  i n  a l a r g e  (15 t o  20%) reduction i n  r e a c t o r  power. 

Fur ther  improvements i n  s p e c i f i c  impulse have progressively lesser e f f e c t s  upon 

r e a c t o r  p o w ~ r ,  An increase i n  I from 800 t o  1000 lb/(lb/sec) may be shown t o  

reduce 

t o  percent impulse increase is only 3 t o  1, 

when it appears poss ib l e  t o  t r ade  s p e c i f i c  impulse f o r  power o r  t h rus t ,  noting 

t h a t  n e t  gains appear l i k e l y  only when s t a r t i n g  from r e l a t i v e l y  high power levels.  

I n  other words, r eac to r  power can be expected t o  optimize near t h e  value corres- 

ponding t o  a thrust-to-weight r a t i o  of 0,2 t o  0,3 .  

QR by about 70 t o  80 percent, so t h a t  t h e  r a t i o  of percent  power reduction 

This concept should be kept i n  mind 

UPPER-STAGE APPLICA, TIONS 

Methods and Assumptions 

Values of powerplant-plus-payload weight have a l s o  been estimated f o r  boos te r  

systems using nuclear upper s t ages  with va r i a t ions  of thrust- to- ini t ia l -weight  

r a t i o  from 1.0 down t o  near t h e  m i n i m u m  value.  

s u b s t i t u t e d  f o r  chemical i n  t h e  f i n a l  s t a g e  of Atlas-Centaur, Saturn I, and Nova. 

I n  addi t ion,  use of a nuclear s t age  t o  replace both second and t h i r d  s t ages  of 

Saturn I has been invest igated.  

Nuclear rocket propulsion has bean 

Only one value of s p e c i f i c  impulse, 900 lb/(lb/sec),  

has been considered,' and, i n  a l l  cases, t h e  mission i s  t o  pu t  t h e  payload i n t o  a 

300-statute-mile c i r c u l a r  o r b i t .  

Empty weights i n  o r b i t  have been calculated by means of a t r a j e c t o r y  ana lys i s  

which approximately optimizes t h e  path from t h e  end of t h e  i n i t i a l  boost s tage  

and a l s o  optimizes t h e  "kick angle" of t h e  f i r s t  stage.  

f i r s t - s t a g e  cut-off f o r  appropriate  values of Itkick angle"  were t h e  inpu t  t o  a 

F l i g h t  conditions a t  



- 9 -  

t r a j e c t o r y  program which employed an  approximate closed-form so lu t ion  of  l i nea r -  

tangent paths i n  a central-force f i e ld .  "Kick angle" has been optimized a t  each 

thrust-to-weight r a t i o  from 1.0 down t o  within 0.05 of t h e  value a t  which the 

des i red  c i r c u l a r  o r b i t  could not be achieved, with t h e  exception of t h e  second- 

s t a g e  o f  Saturn I, In  the lat ter case t h e  values of f i r s t - s t a g e  cut-off condi t ions 

a v a i l a b l e  were no t  adequate t o  allow approach t o  t h e  lower l i m i t .  

Powerplant-plus-payload weights have been ca lcu la ted  from empty weights by 

The tanks and s t r u c t u r e  are assumed sub t r ac t ion  of t ank  and s t ruc tu re  weights. 

t o  be of the  same configurations as in the  orbi ta l - launch vehicles.  

app l i ca t ion  the tank pressures  required t o  maintain tens ion  during a 6g acce lera t ion  

I n  the  booster  

are increased f o r  t h e  l a r g e r  vehicles,  as l i s t e d  below: 

Booster Tank Pressure 
p s i  

A t l a s  23 
Saturn I (3 rd  s tage)  23 
Saturn I (2nd stage)  52 
Nova 59 

The 23-psi values are nominal t o  correspond t o  t h e  values used i n  the  o rb i t a l -  

launch ana lys i s .  An allowance of 15 lb/sq f t  of tank sur face  area has been added 

f o r  i n su la t ion  and ab la t ion  mater ia l .  To t h e  r e s u l t a n t  tank weights have been 

added t h e  same s t r u c t u r e  weights as used i n  t h e  orbital-launch-vehicle analysis ,  

again as a funct ion of tank diameter. The tank-plus-s t ructure  weights thus com- 

puted are shown i n  f igu re  6 f o r  appropriate ranges of propel lant  weight. 

Allowable-Powerplant-Weight Curves 

Curves of powerplant-plus-payload weight as a function of r e a c t o r  power are 

presented i n  f i g u r e  7. Power i s  subs t i t u t ed  f o r  t h r u s t  on t h e  bas i s  of t h e  assumption 
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t h a t  boost-stage r eac to r s  would operate  a t  both high temperature and high pressure, 

where t h e  r a t i o  of power t o  t h r u s t  i s  q u i t e  i n s e n s i t i v e  t o  t h e  temperature-pressyie 

combination involved ( f i g u r e s  4 and 5) . 
Saturn I ( t h i r d  s t age )  app l i ca t ions  and 1000 p s i  f o r  Saturn I (second s t a g e )  and 

Nova nuclear rocket powerplants, power-to-thrus t r a t i o s  of 0 .O23l and 0.0234 

r e s u l t  , respect ively,  

Using a p res su re  of 500 p s i  f o r  Atlas and 

The va r i a t ion  of powerplant-plus-payload weight with r e a c t o r  power i s  shown 

t o  be s l i g h t .  

t h r u s t  the  reduction i n  powerplant-plus-payload weight is  only 3 t o  7 percent. 

Thus, t h e  important c r i t e r i o n  i n  the  determination of m i n i m u m  power i s  the lower 

l i m i t  of thrust-to-weight r a t i o  r a t h e r  than any consideration of performance 

de te r io ra t ion .  In fac t ,  the an t i c ipa t ed  va r i a t ion  of powerplant weight with 

power will came t h e  optimum-payload conditions t o  s h i f t  t o  lower powers than those 

y i e ld ing  maximum powerplant-plus-payload weight e 

From m a x i m u m  allowable powerplant weight t o  the lowest permissible 

As a rough i n d i c a t i o n  of t h e  payload increases  r e s u l t i n g  f r o m t h e  use of 

nuclear rocket propulsion i n  t h e  booster upper s tages ,  some t y p i c a l  powerplant 

weights have been used i n  an estimation of t h e  payloads l i s t e d  belows 

Booster All-Ch em React o r  Powerplant + Che m- Nu ,, Increase 
Payload Power Payload Wt. Payload , 

l b  . mw l b  l b  Sg 

Atlas 8,000 250 16 , 000 13 , 000 62 
Saturn I (N3) 33,000 400 42 , 100 39,000 18 
Saturn I (N2) 33,000 5000 98,700 90,000 17 3 

Nova 238,000 5000 370 000 361,000 52 

The last column, which l ists  t h e  percentage inc rease  i n  payload due t o  the subs t i -  

t u t i o n  of nuclear f o r  chemical propulsion, shows the l a r g e  e f f e c t  of t h e  s e l e c t i o n  
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of s t ag ing  technique. 

a small gain because t h e  o r i g i n a l  chemical s t age  was small, 

ments on Atlas-Centaur and Nova result i n  l a rge r  gains because more energy is  

imparted by t h e  top s tages  of these boosters. Replacemnt of both second and 

t h i r d  s tages  of Saturn I results i n  a very l a rge  gain, near ly  t r i p l i n g  the  payload. 

Performance improvements such as these  i l lustrate the p o t e n t i a l  which has d i r ec t ed  

i n t e r e s t  toward t h e  boost appl icat ion of nuclear rockets  i n  s p i t e  of t he  high 

Replacement of t he  top  s t a g e  of Saturn I r e s u l t s  i n  only 

Third-stage replace- 

powers and operating problems which a r e  involved, 

CONCLUDING RPZGRKS 

Although s impl i f ied  calculat ions never r e s u l t  i n  ,nformation of permanen ; 

usefulness,  they are of ten of g rea t  value during t h e  formative period of a research  

and development program. 

t o  serve such a purpose, giving ready-reference ind ica t ions  of allowable powerplant 

weights and payloads f o r  t y p i c a l  appl icat ions of nuc lear  rockets  and permit t ing 

rapid est imat ion of des i rab le  power l eve l s  and operat ing conditions.  A s  more 

da ta  become ava i l ab le  from design s tudies  of nuclear rocke t  vehicles ,  estiroates 

Qf tank,  s t ruc tu re ,  and other weights will change, necess i ta t ing  a l t e r a t i o n  of t nese  

prel iminary r e s u l t s ,  but t h e  t rends  s h a m  are not expected t o  change s ign i f i can t ly .  

The char t s  and curves he re in  presented are intended 
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